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ABSTRACT 


From  a  structural  flight  loads  program  on  three  armed  and  armored 
CH-47A  helicopters,  207  hours  of  valid  multichannel  flight  data  were 
recorded  as  the  helicopters  operated  from  air  bases  in  Southeast  Asia. 
Data  were  processed  and  analyzed  according  to  four  distinct  flight  phases, 
termed  mission  segments:  (1)  takeoff  and  ascent;  (2)  maneuver;  (3)  de¬ 
scent,  flare,  and  landing;  and  (4)  steady  state.  Data  are  presented  in  the 
form  of  time  and  occurrence  tables,  histograms,  and  exceedance  curves. 
These  data  indicate  the  time  spent  in  the  mission  segments  and  param¬ 
eter  ranges;  the  number  of  peak  parameter  values  occurring  in  the  ranges 
of  the  given  parameter,  during  each  of  the  mission  segments,  and  in  the 
ranges  of  one  or  more  related  parameters;  antf  the  time  to  reach  or  ex¬ 
ceed  given  maneuver  and  gust  normal  load  factors  and  lateral  and  longi¬ 
tudinal  load  factors.  The  largest  normal  load  factor  was  1. 95,  which 
occurred  at  a  100-knot  airspeed  and  with  a  28,  027-pound  gross  weight. 

In  contrast  to  previous  studies  of  cargo  and  transport  CH-47A's  whose 
activity  was  mostly  under  steady-state  conditions,  the  armed  CH-47A's 
spent  more  than  half  of  their  time  in  the  maneuver  mission  segment  and 
had  a  much  more  pronounced  loads  spectrum. 
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FOREWORD 


Technology  Incorporated,  Dayton,  Ohio,  prepared  this  report  to  cover 
its  effort  on  a  flight  loads  program  to  collect,  process,  and  analyze  200 
hours  of  valid  flight  data  from  three  armed  and  armored  CH-47A  heli¬ 
copters  operating  in  Southeast  Asia.  This  flight  loads  program  was  an 
integral  part  of  a  comprehensive  CH-47A  program  which  also  included 
data  collected  from  three  unarmed  CH-47A's.  USAAVLABS  Technical 
Report  68-2  presents  the  results  of  the  data  acquisition  for  the  unarmed 
aircraft.  The  total  program  was  sponsored  by  the  U.  S.  Army  Aviation 
Materiel  Laboratories,  Fort  Eustis,  Virginia,  under  Contract  DA  44-177- 
AMC-363(T).  The  Army  project  monitor  for  all  programs  was  Mr. 
William  T.  Alexander. 

The  prime  Technology  Incorporated  personnel  engaged  in  this  program 
were  as  follows:  Mr.  Joseph  F.  Braun,  project  engineer,  who  directed 
the  installation  and  operation  of  the  data  recording  systems;  Mr.  John 
Nash,  who  directed  the  data  digitizing;  Mr.  William  Morrin,  who  wrote 
the  computer  programs  for  the  data  processing;  and  Messrs.  Larry  Clay 
and  F.  Joseph  Giessler,  who  analyzed  and  compiled  the  data. 
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INTRODUCTION 


Under  contract  to  the  U.  S.  Army  Aviation  Materiel  Laboratories,  Fort 
Eustis,  Virginia,  Technology  Incorporated  conducted  a  multichannel 
flight  loads  program  on  the  armed  and  armored  CH-47A  helicopter.  To 
acquire  the  desired  data,  three  helicopters  assigned  to  the  1st  Cavalry 
Division  (Airmobile),  228th  ASHB,  1st  Aviation  Detachment,  were  each 
instrumented  with  flight  loads  recording  systems.  The  serial  numbers 
of  the  instrumented  aircraft  were  64- 1  3  145,  64-  13149,  and  64-13154. 

All  recordings  were  made  between  August  1966  and  May  1967,  while 
the  helicopters  operated  in  Southeast  Asia.  From  470  hours  of  recorded 
flight  data,  207  hours  of  valid  data  were  processed,  analyzed,  and  de¬ 
tailed  in  graphical  and  tabular  form  for  their  presentation  in  this  report. 

With  normal  acceleration  separated  into  maneuver-  and  gust-induced 
categories,  most  of  the  data  presentation  consists  of  time  and  occurrence 
tables.  Most  of  the  tables  are  broken  down  into  ranges  of  a  third  variable 
or  of  a  third  and  a  fourth  variable  for  cross-correlation  purposes.  Sig¬ 
nificant  aspects  of  the  time  tables  are  presented  as  histograms;  the  oc¬ 
currence  data  for  normal  accelerations  are  presented  as  exceedance  curves. 
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HELICOPTER  DESCRIPTION 


The  armed  and  armored  CK-47A  is  a  special-purpose  helicopter  whose 
payload  capability  is  used  to  mount  extensive  armaments  for  aerial  fire 
support  and  armor  to  protect  the  crew  and  the  helicopter.  Specifically, 
this  helicopter  has  five  gunnery  stations,  two  on  each  side  and  one  aft; 
each  is  equipped  with  either  a  7.  62-mm  or  a  .  50-caliber  machine  gun. 
Fixed  pylons  on  either  side  support  20 -mm  guns  and  either  2.  75-inch 
rocket  pods  or  7.  62-mm  minigun  pods.  Extensive  armor  protects  the 
crew  and  vital  aircraft  components. 

These  helicopters  have  the  mission  of  providing  aerial  fire  support 
while  escorting  airmobile  formations;  of  performing  reconnaissance 
and  security  operations;  and  of  supporting  other  offensive,  defensive, 
and  retrograde  actions  as  a  part  of  a  highly  mobile  arms  team.  De¬ 
ployment  is  generally  as  a  team  to  ensure  mutual  support  and  to  de¬ 
crease  vulnerability  of  the  aircraft  as  well  as  to  increase  rapidity  and 
ease  of  target  acquisition. 


DATA  RECORDING  AND  PROCESSING 


DATA  RECORDING 

An  oscillograph  recording  system  was  installed  in  each  of  the  three 
CH-47A  helicopters.  The  functional  block  diagram  in  Figure  1  illustrates 
the  operation  and  integration  of  the  components  comprising  the  recording 
system.  Ten  parameters  were  recorded  on  the  oscillograms:  (1)  air¬ 
speed,  (2)  altitude,  (3)  normal  acceleration,  (4)  lateral  acceleration,  (5) 
longitudinal  acceleration,  (6)  longitudinal  cyclic  control  stick  position, 

(7)  collective  control  stick  position,  (8)  rotor  rpm,  (9)  outside  air  tem¬ 
perature,  and  (10)  time.  Between  August  1966  and  May  1967,  470  hours 
of  flight  data  were  recorded.  Of  these  470  hours,  207  proved  to  be  valid. 
The  valid  data  represent  564  flights  and  266  engine  starts. 
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Figure  1.  Block  Diagram  of  CH-47A  Instrumentation  System 
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DATA  EDITING 


As  the  data  processing  editors  first  checked  all  oscillograms  for  evidence 
of  any  instrumentation  malfunctioning,  they  removed  all  faulty  records 
from  processing  and  reported  them  to  the  Instrumentation  Section.  The 
editors  then  timed  all  acceptable  records  and  identified  the  bounds  for 
the  following  four  mission  segments  in  each  flight:  (1)  takeoff  and  ascent; 
(2)  maneuver;  (3)  descent,  flare,  and  landing;  and  (4)  steady  state.  Dur¬ 
ing  the  first  three  mission  segments,  which  comprised  the  transient  parts 
of  flight,  the  stick  position  traces  showed  no  steady  values  from  which 
they  seemed  to  deviate,  and  the  airspeed  and  altitude  traces  changed  fre¬ 
quently.  The  criteria  used  to  distinguish  the  mission  segments  in  each 
flight  were  as  follows:  Mission  Segment  1  (takeoff  and  ascent)  included 
both  the  takeoff  and  the  climb  to  the  initial  steady-flight  altitude  and  the 
unsteady  ascents  to  other  steady-flight  altitudes.  Mission  Segment  2 
(maneuvering)  consisted  of  those  transient  parts  of  flight  whose  charac¬ 
teristics  differed  from  those  of  Mission  Segments  1  and  3.  During  ma¬ 
neuvering,  the  normal  acceleration  trace  was  usually  very  active.  In 
addition  to  the  unsteady  part  of  flare  and  landing,  Mission  Segment  3 
(descent,  flare,  and  landing)  included  the  unsteady  part  of  any  descent, 
whether  intended  for  a  new  steady-flight  altitude  or  for  landing.  Mission 
Segment  4  (steady  state)  included  those  parts  of  the  flight  where  the  stick 
position  traces  were  relatively  steady  and  where  the  airspeed  and  alti¬ 
tude  traces  were  steady  or  changing  smoothly.  Such  characteristics 
prevailed  during  cruise,  hover,  and  steady  ascent  and  descent. 

After  demarcating  the  flights  into  mission  segments,  the  editors  marked 
the  traces  as  follows  to  govern  the  data  reading:  The  normal  accelera¬ 
tion  trace  was  marked  wherever  a  peak  met  the  following  two  conditions: 
(1)  the  peak  fell  outside  prescribed  threshold  levels,  and  (2)  the  peak  had 
a  rise  and  fall  (or  fall  and  rise)  that  were  each  50  percent  of  the  peak 
value  or  0.  2g,  whichever  was  greater.  Whereas  the  prescribed  thresh¬ 
olds  were  0.  8  and  1 . 2g,  the  editors  used  levels  of  0.  84  and  1.  I6g  to 
ensure  the  inclusion  of  all  valid  peaks.  However,  any  of  the  peaks  read 
within  the  fixed  threshold  levels  of  0.  8  and  1. 2g  were  eliminated  during 
the  computer  processing.  In  addition,  the  editors  identified  each  se¬ 
lected  peak  as  being  maneuver-  or  gust-induced.  To  determine  whether 
a  peak  was  induced  by  a  maneuver  or  a  gust,  the  editors  noted  the  be¬ 
havior  of  the  stick  position  traces.  Whenever  the  peak  was  the  result  of 
maneuvering,  one  or  both  of  the  stick  traces  would  always  deflect  just 
before  and  in  the  same  direction  as  the  peak.  However,  ascertaining 
that  a  peak  was  gust  induced  was  difficult  because  of  the  very  high  activity 
of  the  control  sticks.  Ascertaining  that  gust  was  the  cause  of  the  peak 
required  either  that  both  stick  position  traces  were  steady  or  that  any 
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movement  of  these  traces  just  before  the  peak  was  in  the  direction  oppo¬ 
site  to  that  of  the  peak. 

Like  the  treatment  of  the  normal  acceleration  trace,  the  editors  marked 
the  lateral  and  longitudinal  acceleration  traces  wherever  they  peaked 
outside  the  prescribed  thresholds  of  ±  0.  lg.  As  before,  to  ensure  in¬ 
clusion  of  all  valid  peaks,  the  editors  used  levels  of  ±  0.  097g.  Again, 
any  peaks  read  within  the  prescribed  threshold  of  ±  0.  lg  were  eliminated 
during  the  computer  processing.  These  peaks  were  not  identified  as 
being  maneuver-  or  gust-induced. 

In  treating  the  two  stick  position  traces,  the  editors  marked  those  peaks 
whose  rise  or  fall  was  10  percent  of  the  full  stick  travel  and  at  least  10 
percent  of  the  normal  value.  Each  normal  value  depended  on  the  mission 
segment.  For  the  steady-state  mission  segment,  the  normal  values  were 
the  steady  values  of  the  stick  positions  just  before  and  after  the  peak. 

For  the  three  transient  mission  segments  (where  no  "steady"  stick  posi¬ 
tions  prevailed),  an  arbitrary  set  of  normal  values  was  chosen  to  approxi¬ 
mate  the  stick  positions  during  hover.  The  selected  values  are  listed  by 
aircraft  serial  number  in  Table  I. 


TABLE  1.  STICK  POSITION  SELECTED  VALUES 


Aircraft 

No. 

Long.  Cyclic  Normal 

(%) 

Collective  Normal 
(%) 

145 

61. 32 

50.  25 

149 

51.  77 

50.  72 

154 

61. 77 

56.  03 

In  each  of  the  three  transient  mission  segments,  all  traces  except  those 
for  the  steady  stick  positions  were  marked  at  each  instant  that  the  accel¬ 
eration  or  stick  position  traces  peaked.  Because  of  the  unsteady  state 
prevailing  during  the  three  transient  mission  segments,  no  elapsed  time 
was  associated  with  the  readings  at  these  markings.  The  traces  marked 
here  were  read  only  to  provide  corresponding  parameter  values  in  tabu¬ 
lations  of  the  peak  values.  During  the  steady-state  mission  segment, 
however,  all  traces  except  that  for  acceleration  were  marked  at  critical 
points  to  permit  an  adequate  time-history  representation  of  the  parameters. 
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DATA  READING  AND  QUALITY  CONTROL 


All  data  points  selected  during  the  editing  were  measured  on  semi¬ 
automatic  oscillogram  readers,  and  the  measurements  were  transcribed 
directly  to  punched  cards.  When  all  data  were  extracted  from  a  flight,  a 
printout  of  the  cards  was  given  to  the  Quality  Control  Section  for  pre¬ 
liminary  data  checking.  Using  standard  quality  control  techniques,  this 
section  manually  remeasured  random  points  comprising  an  adequate 
sample  and  compared  the  measurements  with  those  produced  by  the 
semiautomatic  readers.  Then,  from  the  differences  between  the  two 
sets  of  readings,  this  section  established  the  mean  and  standard  devi¬ 
ations  to  determine  and  control  the  desired  reading  accuracy.  Any  of 
the  flights  whose  measurements  did  not  meet  the  accuracy  standard 
were  reread  by  the  semiautomatic  readers.  In  addition  to  obtaining 
accurate  values,  this  procedure  ensured  a  uniform  interpretation  and 
measurement  of  the  traces. 

When  all  data  had  been  processed,  the  mean  and  standard  deviations 
were  calculated  for  the  entire  data  sample.  Assuming  a  normal  distri¬ 
bution  of  reading  errors,  99.  7  percent  of  the  readings  should  be  within 
three  standard  deviations  of  the  true  values.  Based  on  average  cali¬ 
bration  values,  Table  II  shows  the  mean  deviation  and  the  three  standard 
deviations  for  each  parameter. 


DATA  COMPUTATIONS 

The  load  factor  nz  for  each  normal  acceleration  peak  was  measured 
directly  from  the  oscillogram  trace.  H  wever,  to  present  load  factors 
for  positive  and  negative  peaks  conveniently,  an  incremental  normal  loa  . 
factor,  Anz,  was  derived  from  each  nz  value  by  using  the  relationship 


Anz  =  nz  -  1.0 


The  following  equation  (see  Reference  2)  was  used  to  compute  density 
altitude,  since  this  parameter  is  normally  used  in  describing  helicopter 
perfo  rmance: 


hd  =  145,  *00  [  1  -  (■ 


518.  4  P 


a 


29.  92  (OAT  +  460) 


)0,33] 


Since  the  instrument  installation  correction  to  derive  the  calibrated  air¬ 
speed  was  judged  to  be  negligible,  only  indicated  airspeeds  were  con¬ 
sidered.  For  airspeeds  below  1 10  knots,  the  correction  is  less  than  4.  6 


6 


knots;  in  addition,  the  correction  depends  on  the  thrust  conditions  of  the 
rotor,  such  as  those  during  hover  and  full  power  climb. 


TABLE  II.  QUALITY  CONTROL  VALUES  FOR  EACH  PARAMETER 

Three  Standard  Devi ati o n s 


Parameter 

Mean  Deviation 

(99.  7%  Accuracy  Limit) 

Longitudinal  acceleration  nx,  g 

-. 0001 

±  .  03 

Lateral  acceleration  ny,  g 

-. 0002 

±  .  05 

Normal  acceleration  n2,  g 

-. 0001 

±  .  03 

Airspeed,  knots- 

-.  07 

±3.6 

Altitude,  feet** 

-1.2 

±  62 

Outside  air  temperature,  °F 

o 

1 

±2.2 

Rotor,  rpm 

1 

o 

00 

±  4.  0 

Longitudinal  cyclic  stick,  percent 

-.  14 

±1.5 

Collective  stick,  percent 

-.  11 

±1.2 

*  Computed  at  a  90-knot  indicated  airspeed 
**  Computed  at  a  1000-foot  density  altitude  and  standard  temperature 


Rotor  rpm  and  outside  air  temperature  were  computed  by  applying  linear 
calibrations  to  the  trace  measurements.  With  the  displacements  of  the 
stick  position  trace  representing  the  deflections  of  the  longitudinal  cyclic 
stick  from  the  full-forwaid  position  and  the  deflection  of  the  collective 
stick  from  the  full-down  position,  the  respective  stick  positions  were 
computed  from  the  trace  measurements  in  units  of  percent  of  full  de¬ 
flection.  By  an  approximate  differentiation  of  the  altitude  trace,  the 
rate  of  climb  was  computed  continuously  during  the  steady-state  mission 
segment  and  at  each  position  of  stick  or  acceleration  peak  during  the 
three  transient  mission  segments.  At  the  same  time  that  the  rate  of 
climb  was  computed,  the  "longitudinal  acceleration,  "  or  rate  of  change 
of  airspeed,  was  derived  by  an  approximate  differentiation  of  the  air¬ 
speed  trace. 
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Through  the  following  expressions,  the  rotor  tip  speed  ratio  (m )  and  the 
ratio  of  the  thrust  coefficient  (Cp)  to  the  rotor  solidity  (O)  were  each 
calculated  as  nondimensional  parameters.  With  a  consistent  system  of 
units  employed,  the  ratio  u  was  calculated  by 


U  = 


V 

Q  R 


and  the  ratio  C^/o  was  calculated  by 

A  1 


Cp/(3  = 


_ w 

pTT  R2  (fi  R)2  a 
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DATA  RESULTS 


The  data  representing  the  207  hours  of  valid  flight  data  are  presented  in 
the  form  of  histograms,  exceedance  curves,  and  time  and  occurrence 
tables.  Because  of  their  volume,  the  figures  and  tables  making  up  the 
data  presentation  are  contained  in  the  appendixes.  The  histograms  pre¬ 
sent  the  percentage  of  time  spent  in  ranges  of  the  various  parameters. 
The  exceedance  curves  indicate  the  number  of  flight  hours  required  to 
equal  or  exceed  a  given  parameter  value.  With  the  exception  of  Table  III, 
the  time  tables,  Tables  IV  through  VII,  cover  only  the  steady-state  mis¬ 
sion  segment.  The  occurrence  tables,  Tables  VIII  through  XLV,  show 
the  number  of  peaks  of  a  given  parameter  falling  within  ranges  of  this 
parameter  and  those  of  a  second  parameter.  Some  of  the  occurrence 
tables  are  further  related  to  the  single  range  of  a  third  parameter  or  to 
the  single  ranges  of  both  a  third  and  a  fourth  parameter. 

Figures  2  through  13  are  histograms  showing  the  percentage  of  flight 
time  spent  in  ranges  of  the  various  parameters.  Figure  2  shows  that 
more  than  one-half  of  the  flight  time  occurred  in  the  maneuver  mission 
segment.  This  expenditure  of  time  contrasts  sharply  with  previous 
flight  loads  studies,  where  most  of  the  flight  time  was  recorded  during 
steady-state  conditions.  Therefore,  the  armed  CH-47A  was  consider¬ 
ably  more  active  than  the  cargo  and  transport  CH-47A  reported  in  Ref¬ 
erence  3.  This  greater  activity  will  be  evidenced  further  in  the  discus¬ 
sion  of  the  normal  acceleration  peak  values.  The  histograms  in  Figure  3 
give  the  flight  profile  of  the  armed  CH-47A. 

Contained  within  a  small  range,  the  helicopter  gross  weights  were  over 
30,  000  pounds  during  more  than  75  percent  of  the  flight  time.  Because 
of  the  high  elevation  of  the  terrain  in  the  operational  area,  more  than  95 
percent  of  the  steady  flight  time  was  spent  at  density  altitudes  exceeding 
2000  feet. 

Figure  6,  depicting  rotor  rpm  under  steady-state  conditions,  shows  that 
only  a  few  values  slightly  exceeded  the  range  from  220  to  240  rpm.  As 
evidenced  in  the  oscillogram  of  Figure  19,  the  highest  rpm  of  246  was 
recorded  in  a  rapid  descent  during  a  maneuver  segment  when  the  longi¬ 
tudinal  cyclic  control  stick  position  was  at  13  percent  of  full  travel  aft. 
This  figure  also  shows  that  the  rotor  rpm  during  the  preceding  ascent 
had  fallen  below  220.  Tables  XIV  and  XX  further  evidence  the  low  rpm's 
during  this  ascent;  they  list  all  peaks  of  the  stick  position  trace  within 
rpm  ranges  below  220.  These  tables  give  no  times  for  the  parameters, 
since  they  contain  data  recorded  during  the  transient  parts  of  flight. 
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Figure  7  shows  the  percentage  of  time  at  the  recorded  outside  air  tem¬ 
peratures.  No  temperatures  below  50°  F  were  recorded. 

As  shown  in  Figure  8,  for  the  rate  of  climb  during  steady-state  condi¬ 
tions,  the  rate  of  climb  was  within  ±  500  feet  per  minute  most  of  the 
time.  For  the  rate  of  climb  during  the  transient  missions,  the  maxi¬ 
mum  descent  rate  was  5202  feet  per  minute,  which  occurred  during  a 
weapons  pass;  the  maximum  ascent  rate  was  4173  feet  per  minute. 

Figures  9  through  13  distribute  the  steady-state  flight  time  within  com¬ 
bined  ranges  of  airspeed,  altitude,  and  gross  weight.  The  highest  air¬ 
speed  in  steady-state  flight  was  135  knots;  the  highest  in  transient  flight 
was  161  knots,  which  occurred  during  the  weapons  pass  delineated  by 
the  oscillogram  traces  in  Figure  20. 

The  exceedance  curves  in  Figures  14,  15,  and  16  show  the  number  of 
hours  required  to  reach  or  exceed  a  given  positive  or  negative  incre¬ 
mental  maneuver  load  factor.  These  figures  represent  the  composite 
data  and  the  data  breakdowns  by  mission  segment  and  gross  weight 
range.  The  frequency  and  magnitude  of  the  load  factors  are  highest 
in  the  maneuver  mission  segment.  Figure  21  shows  the  oscillogram 
with  the  largest  recorded  load  factor  (nz  of  1. 95).  The  corresponding 
airspeed  was  100  knots  and  the  gross  weight  was  28,  027  pounds.  Closely 
paralleling  the  data  presented  in  the  time  tables,  the  curves  for  the 
weight  range  between  28,  000  and  32,  000  pounds  and  for  the  altitude  range 
between  2000  and  5000  feet  represent  more  than  70  percent  of  the  nz's. 

As  extracted  from  Reference  3,  Figure  22  shows  the  maneuver  spectrum 
for  the  cargo  version  of  the  CH-47A.  Comparison  of  this  figure  with 
Figures  14  through  16  again  shows  that  the  flight  loads  imposed  on  the 
armed  CH-47A's  were  considerably  greater  than  those  on  the  cargo 
helicopters .  Through  both  a  diagram  and  a  tabulation,  Figure  17  shows 
the  maneuver  normal  load  factor  peaks  falling  in  ranges  of  the  rotor  tip 
speed  ratio,  p. 

Figure  18  shows  the  exceedance  plots  for  the  positive  and  negative  incre¬ 
mental  gust  load  factors  The  sparsity  of  the  data  points,  due  primarily 
to  the  difficulty  of  ascertaining  gust-induced  peaks  with  certainty,  per¬ 
mitted  only  a  composite  presentation.  A  valid  sample  could  not  be  de¬ 
rived  through  further  breakdown  of  these  data. 

With  a  breakdown  by  gross  weight  range,  Table  III  distributes  the  total 
flight  time  among  the  four  mission  segments.  As  mentioned  above,  the 
time  tables  in  Tables  IV  through  VII  cover  only  the  steady-state  mission 
segment.  Each  of  the  latter  tables  consists  of  several  subtables.  The 


10 


heading  of  each  suitable  gives:  first, the  parameter  whose  ranges  form 
the  ordinate  of  the  subtables,'  second, the  parameter  whose  ranges  form 
the  abscissa;  and  tliird  the  parameter  whose  individual  range  follows 
immediately.  Thus  the  times  in  minutes  within  the  subtable  proper 
give  the  periods  sp<’nt  within  the  three  combined  ranges. 

Tables  VIII  through  XXI  list  the  number  of  observed  peaks  of  either  the 
longitudinal  cyclic  stick  position  or  the  collective  stick  position  as  a 
function  of  two  other  variables,  Each  table  consists  of  several  subtables. 
In  each  subtable,  the  ordinate  gives  the  ranges  of  the  peak  values,  and  the 
abscissa,  running  immediately  above  the  subtable  proper,  shows  the 
ranges  of  the  first  related  variable.  Then  the  heading  above  each  sub¬ 
table  abscissa  is  the  individual  range  of  the  second  related  variable.  The 
figures  within  the  subtable  proper  represent  the  number  of  peaks  in  the 
given  ordinate  ranges  along  with  the  corresponding  ranges  of  the  two  re¬ 
lated  variables.  For  example,  in  each  subtable  of  Table  VIII,  the  ordinate 
gives  the  ranges  for  the  longitudinal  cyclic  stick  position  peaks,  the  ab¬ 
scissa  gives  the  ranges  for  the  steady  longitudinal  cyclic  stick  position 
values  just  before  the  peak  occurrence,  and  the  heading  gives  the  range 
of  the  simultaneous  steady  collective  stick  position  values.  Those  tables 
with  the  steady  stick  value  as  the  abscissa  represent  the  steady-state 
mission  segment  and  also  include  the  time  spent  in  the  various  ranges  of 
the  steady  stick  values.  No  times  are  given  for  the  tables  representing 
the  ascent,  descent,  or  maneuver  mission  segments. 

In  Tables  XXII  through  XXXIII,  the  number  of  observed  peaks  of  normal 
acceleration,  nz,  are  listed  as  functions  of  up  to  four  related  variables. 

As  in  Tables  VIII  through  XXI,  the  ordinates  in  the  subtables  give  the 
ranges  of  the  peak  values,  the  abscissas  give  the  ranges  of  the  first 
related  parameter,  and  the  subtable  headings  give  the  individual  ranges 
of  the  other  related  parameters.  Of  these  tables,  Tables  XXII  through 
XXVII  represent  gust-induced  peaks;  and  Tables  XXVIII  through  XXXIII, 
maneuver-induced  peaks.  Similarly,  Tables  XXXIV  through  XXXVIII 
and  Tables  XXXIX  through  XLJII,  respectively,  list  the  number  of  ob¬ 
served  peaks  of  the  longitudinal  acceleration,  nx,  and  the  lateral  accel¬ 
eration,  ny.  In  Tables  XLIV  and  XLV,  the  normal  acceleration  peaks 
are  cross  referenced  with  the  corresponding  values  of  longitudinal  ac¬ 
celeration  and  lateral  acceleration,  respectively. 
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APPENDIX  I 


ILLUSTRATIONS  FOR  DATA  PRESENTATIONS 
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Figure  2.  Percentage  of  Total  Flight  Time  in  Each  Mission  Segment 
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(c)  30,  000  to  32,  000  lb. 
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Figure  3.  Flight  Time  in  Each  Gross  Weight  Range  Broken  Down  by 
Percentage  of  Time  in  Each  Mission  Segment 
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Figure  4.  Percentage  of  Steady-State  Mission  Segment  Flight 
Time  in  Each  Gross  W eight  Range 
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Figure  5.  Percentage  of  Steady-State  Mission  Segment  Flight 
Time  in  Fach  Density  Altitude  Range 
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Figure  6.  Percentage  of  Steady-State  Mission  Segment  Flight 
Time  in  Each  Rotor  RPM  Range 
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Figure  7.  Percentage  of  Steady-State  Mission  Segment  Flight 
Time  in  Each  Outside  Air  Temperature  Range 
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Figure  8.  Percentage  of  Steady-State  Mission  Segment  Flight 
Time  in  Each  Rate  of  Climb  Range 
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Figure  10.  Time  in  Steady-State  Mistion  Segment  in  26,  000  to  28,  000- 
Pound  Gross  Weight  Range  Broken  Down  by  Percentage  of 
Time  in  E'  h  Density  Altitude- Airspeed  Range 
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Figure  1 1 .  Time  in  Steady-State  Mission  Segment  in  28,  000  to  30,  000 
Pound  Gross  Weight  Range  Broken  Down  by  Percentage  of 
Time  in  Each  Density  Altitude- Airspeed  Range 
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Figure  13.  Time  in  Steady-State  Mission  Segment  in  32,  000  to  34,  000- 
Pound  Gross  Weight  Range  Broken  Down  by  Percentage  of 
Time  in  Each  Density  Altitude-Airspeed  Range 
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Figure  15.  Exceedance  Curves  for  Incremental  Maneuver  Normal 
Load  Factor  Peaks  by  Gross  Weight  Ranges 
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Hours  to  Reach  or  Exceed  An 


0  0.2  0.4  0.6  0.8  1.0  1.2 

Maneuver  Normal  Load  Factor,  Anz 


Figure  16. 


Exceedance  Curves  for  the  Composite  of  Incremental 
Maneuver  Normal  Load  Factor  Peaks 
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Tip  Speed  Ratio  u 


Less 

0.00 

o 

o 

ti) 

0.  10 

0.  15 

0.20 

0.25 

0.  30  : 

0.  35 

Than 

to 

to 

to 

to 

to 

to 

to 

to 

0.00 

0.05 

0  10 

0.  15 

0.20 

0.25 

0.30 

0.  35 

0.40 

2.2  to  2.4 


20  to  22 


1  8  to  20 


1 . 7  to 


1.6  to  1.7 


1  •  5  to  1.6 


1  4  to  I  5 


1.3  to  1.4 


1. 2  to  1 


0.8  to  1.2 


07  to  0.8 


0.6  to  0.7 


to  0 . 6 


Total 


Figure  17.  Diagram  and  Tabulation  of  Maneuver  Normal  Load 
Factor  Peaks  in  Ranges  of  Rotor  Tip  Speed  Ratio 
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Hours  to  Reach  or  Exceed  An 


Figure  18.  Exceedance  Curves  for  Composite  of  Incremental 
Gust  Normal  Load  Factor  Peaks 


Altitude 


Normal  Acceleration  (nzh 


.Collective  Pitch 


longitudinal  Cyclic  Pitch- 


Lateral  Acceleration  (ny) 


Longitudinal  Acceleration  (nx) 


Outside  Air  Temperature 


t 

Values  at  t; 

Maximum  Rotor  RPM  246 

Airspeed  73. 6  knots 

Normal  Acceleration  1 .  04  g 

Altitude  3  529  ft 


Figure  19.  Madmum  Rotor  RPM  Condition 


Airspeed 


Collective  Pitch 


Altitude 


Normal  Acceleration  (n,) 


Lateral  Acceleration  In v)  .Lo ngitudlnal  Cyclic  pitch 
Longitudinal  Acceleration  (nx) 


Outside  Air  Temperature 


Values  at  t: 

Maximum  Airspeed 
Weight 

No  rmal  Acceleration 
Rotor  RPM 
Altitude 


1 6 1  knots 
31 ,  189  lbs 
i.  16  g 
235 

5295  ft 


Figure  20.  Maximum  Airspeed  Condition 


31 


t 

Values  at  t: 

Maximum  nz  1.95  g 

Airspeed  100  knots 

Altitude  3243  ft 

Weight  28,  027  lbs. 

Rotor  RPM  228 


Figure  21.  Maximum  Normal  Acceleration  Condition 
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Hours  to  Reach  or  Exceed  Zin 


0  0.2  0.4  0.6  0.8  1.0  1.2 

Maneuver  Normal  Load  Factor,  Anz 


Figure  22.  Plot  of  Maneuver  Load  Factor  from  Reference  3 
Reflecting  the  Maneuver  Spectrum  for  the  Cargo 
Version  of  the  CH-47A 


APPENDIX  II 


TABLES  FOR  DATA  PRESENTATION 


Tables  III  through  XLV  are  computer  printouts. 

All  times  in  these  tables  were  rounded  off  to  the  nearest  tenth  of  a  minute. 
Total  times,  as  well  as  individual  times,  are  accurate  to  within  0.  05 
minute,  since  the  individual  times  comprising  the  respective  totals  were 
summed  before  the  totals  were  rounded  off.  However,  the  addition  of 
some  printed  individual  times  may  differ  from  the  corresponding  printed 
total  time  by  some  fraction  of  a  minute.  Any  time  between  0  and  up  to 
but  not  including  0.  05  minute  was  printed  as  "0.  0,  "  and  no  time  measured 
was  printed  as  "0.  "  Tables  having  no  points  or  time  were  not  printed. 

Table  headings  are  arranged  so  that  the  first-mentioned  parameter  refers 
to  the  vertical  ranges  at  the  left  of  the  table;  the  second-mentioned  pa¬ 
rameter  refers  to  the  horizontal  ranges  at  the  top  of  the  table;  where  a 
third  or  fourth  parameter  is  mentioned,  ^  followed  by  its  range  in  the 
heading.  As  an  example,  the  heading  "NZ  GUST  PEAKS  VS  VEL.  BY 
MISS.  SEG.  ASCENT,  ALT.  LESS,  WGT.  30000”  indicates  the  number 
of  gust  nz  peaks  in  selected  airspeed  ranges  for  ascent,  altitude  below 
1000  feet,  and  weight  between  30,  000  and  32,  000  pounds. 

With  the  exception  of  the  code  "LESS,  "  the  code  for  each  range  gives  its 
lower  limit.  The  following  listing  gives  the  range  codes  for  all  parameters: 
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Gust  n2  and 


Airspeed  (knots)  Maneuver  n2  (gj 

*  *~  "  1  T~\  _ _ 


Code 

Range 

Code 

Range 

Less 

Below  40 

Less 

B elow  0.  2 

40 

40  to  60 

0.  2 

0.  2  to  0. 4 

60 

60  to  80 

0.  4 

0 .  4  to  0.  5 

80 

80  to  85 

0.  5 

0 .  5  to  0.6 

85 

85  to  90 

0.  6 

0 .  6  to  0.  7 

90 

90  to  95 

0.  7 

0.  7  to  0.  8 

95 

95  to  100 

0.  8 

0.  8  to  1.2 

100 

100  to  105 

1.2 

1 .  2  to  1.  3 

105 

105  to  110 

1.  3 

1 .  3  to  1.4 

110 

1 10  to  115 

1.4 

1 . 4  to  1.5 

115 

1  1  5  to  120 

1.  5 

1 .  5  to  1 . 6 

120 

120  to  125 

1.6 

1.6  to  1.7 

125 

125  to  130 

1.7 

1.  7  to  1.  8 

130 

130  to  135 

1.  8 

1 . 8  to  2.  0 

135 

135  to  140 

2.  0 

2.0  to  2.2 

140 

Above  140 

2.  2 

2.  2  to  2. 4 

2.  4 

Above  2.  4 

nx  and  ny  (g) 

Code  Range 

Less  Below  -0.  40 


-0. 

40 

-0. 

40 

to 

-0 

.  35 

-0. 

35 

-0. 

35 

to 

-0 

.  30 

-0. 

30 

-0. 

30 

to 

-0 

.  25 

-0. 

25 

-0. 

25 

to 

-0 

.  20 

-0. 

20 

-0. 

20 

to 

-0 

.  15 

-0. 

15 

-0. 

15 

to 

-0 

.  10 

-0. 

10 

-0. 

10 

to 

0. 

10 

0. 

10 

0. 

10 

to 

0. 

15 

0. 

15 

0. 

15 

to 

0. 

20 

0 

20 

0. 

20 

to 

0. 

25 

0 

25 

0. 

25 

to 

0. 

30 

0 

30 

0. 

30 

to 

0. 

35 

0 

35 

0. 

35 

to 

0. 

40 

0 

40 

Above 

0. 

40 

Rate  of  Climb 
(ft/min) 


Code 

Range 

Less 

Below  -2500 

-2500 

-2500  to  -2000 

-2000 

-2000  to  -1500 

-1500 

-  1500  to  -  1000 

-1000 

-  1000  to  -500 

-500 

-500  to  500 

500 

500  to  1000 

1000 

10C0 to  1500 

1500 

1500  to  2000 

2000 

2000  to  2500 

2500 

Above  2500 

Collective  k  Cyclic  Collective  k  Cyclic 


Stick  Peaks  (%) 

Stick  Steady  (%) 

Code 

Range 

Code 

Range 

Less 

Below  -40 

Less 

Below  10 

-40 

-40  to  -30 

10 

10  to  20 

-30 

-30  to  -20 

20 

20  to  30 

-20 

-20  to  -10 

30 

30  to  40 

-10 

-10  to  10 

40 

40  to  50 

10 

10  to  20 

50 

50  to  60 

20 

20  to  30 

60 

60  to  70 

30 

30  to  40 

70 

70  to  80 

40 

Above  40 

80 

80  to  90 

90 

Above  90 

35 


Tip  Speed 

1  Ratio 

W  ei 

ght  (pounds) 

Code 

Range 

Code 

Range 

Less 

Below  0.  00 

Less 

Below  20,  000 

0.  00 

0.  00  to  0.  05 

20,  000 

20,  000  to  22,  000 

0.  05 

0.  05  to  0.  10 

22,000 

22,  000  to  24,  000 

0.  10 

0.  10  to  0.  15 

24,  000 

24,  000  to  26,  000 

0.  15 

0.  15  to  0.  20 

26, 000 

26,  000  to  28,  000 

0.  20 

0.  20  to  0.  25 

28,  000 

28,  000  to  30,  000 

0.  25 

0.  25  to  0.  30 

30, 000 

30,  000  to  32,  000 

0.  30 

0.  30  to  0.  35 

32, 000 

Above  32, 000 

0.  35 

Above  0.  35 

Altitude  (feet) 


Rotor  RPM 

Code 

Range 

Code 

Range 

Less 

Below  1000 

Less 

Below  210 

1000 

1000  to  2000 

210 

210  to  220 

2000 

2000  to  5000 

220 

220  to  230 

5000 

5000  to  10,  000 

230 

230  to  240 

10,  000 

10,  000  to  15,  000 

240 

240  to  250 

15,  000 

15,  000  to  20,  000 

250 

Above  250 

20,  000 

Above  20, 000 

Thrust  Coefficient 
Ratio 


Code 

Range 

Less 

Below  0.  06 

0. 

06 

0. 

06  to  0.  09 

0. 

09 

0. 

09  to  0.  12 

0. 

12 

0. 

12  to  0.  15 

0. 

15 

Above  0.  1 5 

Outside  Air  Airspeed  Acceleration 

Temperature  (°F)  _ (ft/sec2) _ 


Code 

Range 

Code 

Range 

Less 

Below  0 

Less 

Below  - 1  5 

0 

0  to  10 

-15 

-15  to  -12 

10 

10  to  20 

-12 

-12 

to  -9 

20 

20  to  30 

-9 

-9 

to  -6 

30 

30  to  40 

-6 

-6 

to  -3 

40 

40  to  50 

-3 

-3 

to  3 

50 

50  to  60 

3 

3 

to  6 

60 

60  to  70 

6 

6 

to  9 

70 

70  to  80 

9 

9 

to  12 

80 

80  to  90 

12 

Above  12 

90 

Above  90 
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TABLE  III 


FLIGHT  TIME  FOR  MISSION  SEGMENT  VERSUS  WEIGHT 


T|NM«lNUf'SI  MHMri h  Sfr.ncKT  v'.  nfir.Hi  flf»l 


LtS'.  23jJC  7?  >JJ  7*000  P6C10 

7*000 

IO'jOO 

17000 

TOTAL 

TOTAL 

ASCMI 

4.8 

*  1.0 

808.8 

857.  1 

1797.8 

71  s 

WAWUV* 

l*f  ,  8 

18"  F,  9 

8 10  F • 8 

7  F  8 ,  * 

6  788. 7 

1  1  i  1 

01  SCNf 

1*1.7 

Ilf.  F 

18  1.8 

181.  F 

1  188.1 

7  1  1 

st  mot 

III.  1 

1  ■  B»  1 

1910.  f 

588.  9 

79FF.7 

4“J  *> 

r  r  ?  *i 

5  F  F.  F 

76 18. 8 

F9F0.8 

IMF,  1 

1  7880.8 

707  1 

TABLE  IV 

STEADY-ST  ATE  TIME  FOR  ALTITUDE  VERSUS 
AIRSPEED  BY  WEIGHT 


T|Mfc{N|NUltSi  TU*  ALTITUDE  V8  VELOCITY  0V  WEIGHT  26000 


LESS 

80 

60 

80 

88 

90 

98 

no 

105 

no 

119 

170 

179 

no 

119 

160  TOTAL 

LESS 

5.0 

6.0 

ioo: 

0.7 

0.7 

1.0 

0.9 

0.1 

7.9 

7000 

1.8 

0.8 

7.1 

6.9 

8.7 

10.0 

18.9 

6.7 

0.6 

91.  1 

500C 

1.8 

1.6 

•  1.1 

1.7 

7.8 

7.  1 

15.5 

11.5 

0.6 

91.7 

iOOJC 

15000 

7  00  JC 

TOT  *1 

F.8 

1.8 

? » C 

8.7 

10.8 

15.7 

17.1 

11.8 

19.0 

1.1 

111.  1 

T|.(<»INUtm  f0» 

ALTITUDE  VS 

vune  i  t  v 

01  i 

HHGMT  78000 

LlSS 

*C 

60 

80 

85 

90 

95 

100 

105 

110 

119 

170 

119 

110 

1)9 

180  TOTAL 
1.  1 

LESS 

100C 

7000 

530C 

0.6 

1.8 

6.  1 

0.9 

J.  1 
>.l 
10.9 
7.5 

0.  1 
18,8 
6.8 

C.  8 

7C.5 

II.  1 

0.  1 
78.8 

77.0 

7.C 

87.6 

10.8 

7.5 

81.8 

17.0 

7.5 
19.  1 
17.0 

1.9 

71.7 
10.  7 

0.  1 
1.8 
1.9 

0.8 

0.1 

11.6 
776.  7 
190.  7 

10000 
I500C 
70001 
T  C  T  *1 

8.8 

3.0 

15.-6 

70.9 

17.7 

8  7.  I 

78. C 

77.9 

69.8 

11.8 

7.6 

0.8 

)•«.  1 

f  INHRINUTtS  »  1 

FQ0  ALTITUDE  VS 

vflOCIT?  ny  weight 

10300 

LESS 

80 

60 

80 

08 

90 

95 

100 

105 

110 

119 

170 

179 

110 

119 

160  TOTAL 

LESS 

8.7 

7.8 

8.7 

0.6 

C  •  5 

1.8 

C.  9 

1.8 

1.0 

ir.i 

1000 

7.7 

0.5 

9.  r 

8.8 

1.3 

1.6 

6.  1 

9.1 

7.9 

9.7 

1.9 

7.0 

0.4 

0.7 

40.6 

7000 

57.0 

).  I 

81.1 

61.7 

9C.5 

108.6 

181.0 

775.7 

109.7 

78.0 

19.4 

7.0 

1049.9 

9000 

0.5 

78.  1 

59.  7 

91.9 

1  77.7 

117.1 

186.0 

117. F 

18.8 

1.8 

0.6 

781.0 

10030 

15000 

70000 

inn 

5«.  8 

7.6 

147.5 

174.8 

105.9 

711.9 

799.0 

181.7 

119.9 

118.8 

77.7 

9.4 

0.4 

0.7 

1410.8 

M«U"INU?ES)  70«  4LMTU0E  VS  VELOCITY  01  WEIGHT  17300 


LESS 

80 

40 

80 

88 

40 

45 

100 

105 

110 

1  19 

170 

175 

1)0 

1)9 

160  TOTAL 

LESS 

1000 

1.8 

J.  6 

0.8 

C  •  7 

1.1 

0.4 

1.1 

1.8 

7.8 

0.8 

11.  7 

70JU 

15.9 

1.6 

81.9 

78.0 

)).? 

17.  7 

80.5 

78.4 

60.7 

17.8 

1.5 

144.0 

5000 

18.9 

11.7 

71.0 

78.5 

75.8 

7  7*4 

10.) 

9.8 

1.8 

144.2 

10030 
150  3C 
70000 
TOTAL 

W.  1 

1.6 

94.8 

18.0 

97.0 

6  7.7 

78.0 

107.6 

74.6 

78.4 

9.7 

7.1 

0.0 

96  7.0 
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TABLE  IV  -  contd 
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TABLE  V  -  contd 


TABLE  VI  -  contd. 


i  itcithiiTtsi  *r*  *P“ 

VS  CLIMf  ft 

40 

LESS  -740C  -7030 

-1400  -ICOO 

-400  400 

1000 

1400 

7300 

7400  TOTAL 

KSS 

7IC 

270 

0.1  |.« 

7 -’9*  f  )•• 

0.1 

744.1 

710 

f.C 

409.4  4.4 

0.! 

471.1 

740 

0.4 

0.4 

740 

ICTAi 

0.1  1.4 

? 19*  7  9.4 

0.7 

744.* 

V 

i**f  ihnuif  si  re*  •<*« 

VS  Cl  I**  ft 

TF«»F4ATU4E 

70 

If  SS 

LfcSS  -740C  -7003 

-1400  -ICOO 

-403 

400 

1000 

1403 

7000 

7400  TOTAL 

7ir 

77f 

710 

74C 

74C 

7.4 

17.4 

471.7 
?4C.  1 
0.1 

4.9 

17.4 

0.  * 
0.4 

411.7 

7*4.0 

0.1 

iriAt 

14.0 

11*7.1 

19.4 

1.9 

1717.* 

T  1 

IMf (MINUTE SI  TO*  ffM 

VS  CUM*  §t 

TfMf €4 ATU*C 

*0 

Lf  SS 

l k  SS  -743C  -7000 

-1400  -1003 

-.>0O 

400 

1000 

1400 

7000 

7400  TOTAL 

7IC 

770 

710 

74C 

74C 

7.4 

4.1 

77t.O 

4  7S.e 
0.1 

9.7 

1  7.* 

0.7 

0.4 

799.9 

400.1 

0.1 

ref  Al 

f.4 

701.9 

77. C 

0.4 

740.0 

1 |M€ IMINUTESI  F 0*  9ff 

VS  CL  If*  ft 

rfffCAATUM 

90 

LLSS  -740C  -7000 

-1400  -ICCO 

-400  400 

1000 

Lf  SS 

7 1C 

223 

1.0 

72.1  4.4 

0.2 

713 

C.7 

44.7  2.9 

0.1 

74C 

740 

TCTAl 

1.7 

141.7  *.4 

0.4 

1400  7 000  7400  TOTAL 

11.4 

n.o 

141.* 


T  | •*€  (NINUII4I  70*  9fM  VS  CUM  T(MEMTlHf  TOTAL 


LESS  -740C  -2300  -1400 

-ICOO 

-400 

400 

1000 

1409 

7000 

7400  TOTAL 

LESS 

7 1C 

77C 

0.1 

7.2 

9*4.9 

24.9 

1.9 

1021.9 

7  1C 

24.9 

1*94.4 

41.7 

1.9 

1944.4 

24C 

0.9 

O.f 

74C 
TCI  Al 

0.1 

19.1 

7f  79.9 

4A.0 

2.7 

2977.2 

40 


tf/fpwi 


TABLE  VII 

STEADY-STATE  TIME  FOR  CT/cr  VERSUS  n  BY  RATE 

OF  CLIMB 


M«*E(>*|SUT(SI 

»0«  Cf/S 

VE4SUS  *0 

4f  1 

CIIM6 

-1400 

LESS  0.0C 

ICSS 

0.0ft 

0.0 

0.12 

0.09 

0.10 

0.14 

0.20 

0.29 

0.10 

0.99 

20261 

c.n 

0.1 

0.  1 

2C261 

0.1 

0.1 

f|ME<M|NU2f SI 

FC»  Cf/S 

versus  »u 

Of  1 

Cl  1  MB 

-1000 

LESS  o.oc 

0.04 

0.10 

0.14 

C.20 

0.24 

0.  90 

3.94 

f  Of  41 

less 

0.04 

0.C4 

0.12 

0.2 

1.0 

C.l 

1.9 

0.  1ft  0 .? 

0.) 

».o 

10.9 

9.9 

91.9 

rcv«i  o.? 

0.1 

1.2 

19.9 

9.C 

99.1 

TiMeiMiNuiesi  eo«  cf/s 

we«sus  **u 

Of  Cl  1  MR 

-400 

cess  o.oc 

less 

0.06 

0.34 

0.10 

0.14 

0.20 

0.29 

0.90 

0.19 

20261 

0.09 

0.12  4.2  9.4 

O.f 

0.4 

e.i 

21.9 

6.4 

49.9 

0.19  22,1  66.4 

11.6 

12.9 

144.2 

1496.4 

629.2 

0.2 

261  9.6 

TCtn  22.0  n.e 

12.4 

19.1 

192.9 

1224.9 

692.9 

0.2 

2B29.9 

f ixemiNuTesi  ec*  c?/s 

versus  ml 

4  f  CLIMB 

400 

less  o.oc 

0.09  ( 

).I0 

0.19 

0.20 

0.29 

0.90 

0.99 

20261 

less 

0.06 

3.09 

0.12 

C.2 

0.4 

0.2 

0.19  0.1  0.4 

0.9 

22.0 

19.1 

11.9 

62.9 

TCI41  0.1  0.4 

t 

0.9 

22.1 

19.6 

11.9 

66.  0 

TlMCIMINUieSI  fO»  Cf/S 

V64SUS 

»K 

•V  Cl 1 M§  1000 

LESS  O.OC 

0.09  0 

.10 

0.14 

0.20 

0.29 

0.90 

0.94 

20241 

less 

0.06 

0.C9 

0.12 

0.19 

1.4 

0.0 

0.9 

2.2 

TCVAl 

1.4 

0.0 

0.9 

2.2 

IIWIKIXUUSI  >C«  Cf/S  VtMU*  »t,  »T  Cll««  tOI»l 


less 

O.OC 

0.04 

0.10 

0.14 

0.20 

0.24 

0.90 

3.99  20261 

less 

0.06 

0.C9 

0.12 

4.2 

9.4 

0.2 

0.6 

B.4 

29.9 

4.2 

94.4 

C.  14 

22.9 

62.! 

11.9 

19.0 

410.6 

1249.4 

646.4 

0.2 

2921.0 

2C2AI 

22.1 

22.  S 

12.2 

19.4 

419.1 

1220.2 

699.1 

0.2 

2922.2 

f 

£ 
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TABLE  X  -  contd 
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TABLE  XI  -  contd 
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TABLE  XIII 

CYCLIC  STICK  PEAKS  VERSUS  AIRSPEED 
BY  MISSION  SEGMENT 


CVCllC  Mi«S 

vs 

VHCCI 

1  TV  IV 

H9SI04 

SfC"JNI 

4SC24T 

nss 

4C 

40 

•  0 

19 

40 

99 

100 

109 

110 

114 

120 

129 

110 

1 14 

140  FOfll 

LCSS 

-4C 

-  1C 

1 

1 

1 

1 

-23 

ii 

9 

11 

1  F 

11 

IF 

Ift 

II 

1 

4 

1 

194 

-1C 

40 

12 

14 

a 

4 

1 

4 

2 

2 

1  19 

1C 

IF 

2 

11 

4 

1 

1 

1 

14 

23 

1C 

4C 

1C  f  41 

104 

19 

11 

24 

21 

22 

22 

19 

10 

4 

2 

111 

VS  Vf  ICC  I  TV  IV  MSStfH  SIG*f4t  44'HJVO 

*0  «0  M  90  VI  109 


CVCllC  M4«S 


less 

4C 

nss 

-40 

-10 

4 

J 

-20 

11 

11 

-10 

19 

IOC 

1C 

14 

4C 

20 

1 

1 

10 

4C 

»cf  n 

FO 

2F4 

l 


14 

1 

F 

119 

121 

111 

119 

F  2 

F4 

291 

F4 

•  4 

4 

4 

2 

44  F 

211 

114 

20 

11 

14 

119 

1  FI 

122 

IF 

41 

14 

IF 

41 

14 

1 

1 

1 

122 

211 

III 

109 

110 

III 

1 

1* 

II 

tl 

14 

4F 

20 

12 

• 

4 

10 

tl 

4 

1 

121 

•4 

41 

110  IIS  110 

I 

V  9  0 

•  I  I 

•  »  9 

9  I  I 

II  IT  tl 


119  |90  TOMi 


I  I  199 

1  1191 

F4F 

2  *91 

21 

I 

9  I  1019 


CVCllC  Mill  VS  VCLCCITV  IV  PMSStO*  SCG«C*I  CISC9T 


ss 

4C 

nss 

4C 

40 

10 

44 

4 

1 

2C 

111 

41 

44 

1C 

41 

2C 

24 

1C 

2C 

10 

4C 

94 

» 

2 

II 

911 

4? 

F4 

19 

4 

1 


•  9 


I 

20 

9 

7 


40 


1 

29 

2 
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4 

20 


2 

22 

1 


4 

14 


4 

II 

I 


II 


129 


no 


|40  fOIAL 


M 

941 

141 

*9 

I 


22 


?• 


10 


9 


TABLE  XIV 

CYCLIC  STICK  PEAKS  VERSUS  ROTOR 
RPM  BY  MISSION  SEGMENT 


cyclic  pea«s  vs  m>»  n*  sio**e h i  naif 


LESS  TIC 

T20 

TIC 

240  2SO 

Til  T  A  L 

LESS 

•4C 

-10 

T 

1 

1 

-TC 

40 

US 

1 

IS4 

-1C 

44 

14 

US 

10  1 

14 

24 

>4 

TC 

)C 

4C 

UI.'I  1 

1 02 

TTI 

2 

1)1 

CYCLIC  MAi'S 

vs  i 

ITT  BY 

•muon  ice"**!  »iu«i 

USS  TIC 

220 

T 10 

240  TSO 

.total 

LESS 

-4C 

1 

1 

4 

-  10 

14 

114 

1 

IS4 

-TO 

114 

1064 

* 

1  141 

-1C 

T4S 

410 

T 

14? 

i: 

111 

1J2 

441 

TO 

13 

11 

1 

IS 

21 

1 

40 

rcTAi 

416 

T01I 

11 

1C  IS 

CYCLIC  Tl 4*  S 

VS  ATM 

•  V 

P 1  SS 104 

SEGMENT  CCSCNT 

LESS  2 1C 

220 

2)0 

240 

TSO  TOTAL 

LESS 

-4C 

-10 

J? 

IS 

1 

T 1 

-20 

TSS 

1)4 

T 

S91 

-10 

42 

14 

T 

144 

1C 

IS 

10 

6S 

TO 

1 

1 

K 

4C 

ICTAL 

190 

4#  1 

S 

171 

TABLE  XV 

COLLECTIVE  STICK  PEAKS  VERSUS  COLLECTIVE  STICK 
STEADY  BY  CYCLIC  STICK  STEADY 


COLLECTIVE  MAAS  VS  CCLL.STIACV  iv  CYCLIC  STEADY  40 

LESS  tC  TO  >0  40  SO  60  TO  00  40  TOTAL 

LESS 

-4C 

-1C 

-10 

•10  I  I 

1C 
TO 
10 
4C 

TCfil  l  I 

FIT!  O.  0*  0*  0*4  4S0.1  1114*4  64*0  0*2  0*  0*  1704*1 


COLLECTIVE  'EARS  VS  COLL.STEAOv  AY  CYCLIC  STEADY  SO 

LESS  1C  TO  10  40  SO  60  TO  «0  40  TOTAL 

LESS 

-4C  I  I 

-1C  l  I 

-TC 

-10  44  • 

1C  l  1 

TO 
10 
4C 

vein  s  4  ii 

TIM  0.  0*  0*9  UV  T4C*S  *42.2  6f*t  0*  0*  0*  1002*4 
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TABLE  XV  -  contd 


COLLECT  t  V  f  M»rI  VS  CCLL.STEAOy  IT  CYCLIC  IffAnv  *0 

LESS  1C  1C  10  40  SO  AO  TO  10  so  TOTAL 

If  n 

•At 
-  IS 

•n  I  I 

•ic  i  i 

IC 
10 
10 
AO 

TOTAL  A  A 

TIM  0.  0.  0,  0.1  (.A  AA»7  U,1  0,  0*  0.  A  A,  1 
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TABLE  XVII 

COLLECTIVE  STICK  PEAKS  VERSUS  COLLECTIVE 
STICK  STEADY  BY  AIRSPEED 


roiittfive  n»*s  vs  cm.  SHirv  nv  vEinMfv  less 


?e 


less 
-45 
- 10 
-1C 
-  1C 
13 
1C 
1C 
4C 

rcui 

tim 


0. 


0.4 


1.4  ??.6 


SO 

1 

1 

* 

1 

4 

76.4 


S.B 


9. 


1 

I 

I 

II 

1 


IS 

111.9 


less 

-4C 
-  SO 
-?Q 
-1C 
10 
K 
10 
4C 
Kill 

f  !M 


collective  bm»s  vs  ecu.  s»f*ny  bv  velocity  no 
itss  ic  ?  o  K  4  c  so  40  jo 


o. 


IC.?  141.6 


1.7 


0.  146.1 


TABLE  XVm 

COLLECTIVE  STICK  PEAKS  VERSUS  COLLECTIVE.  STICK 
STEADY  BY  ROTOR  RPM 


LESS 

•4C 

-IC 

-10 

-IC 

IC 

ic 

10 

4C 

tctbl 


eoiucuvi  ?{«ks  vs  ecu.  stfboy  by  bb«  ?? o 

LtSS  1C  10  10  4C  so  60  70 


T|6| 


0.9  107.1  TS4.I  S4.1 


COLLECT  I  VC  H«KS  VS  CCU.  STE4CY  BY 
LESS  1C  20  10  4C 

l 
I 


IM 

SO 

I 

1 

I 

I 


no 

6C  70 


less 

-4C 
-IC 
-1C 
-10 
IC 
1C 
10 
4C 

rctu  1  6 

Tire  o.  o.  o.i  i.4  so?.?  ms. 4  114.2 

COLLECTIVE  B|4*S  VS  CCU.  STE4CV  BY 
LtSS  1C  10  10  4C 


LESS 

-4C 

-10 

-10 

-IC 

1C 

1C 

10 

4C 

TCTIl 

TIBI 


BP» 

SO 

l 


1.1 

TOT4L 

60  TO 


10 


40  TOT  41 


0.  1011.4 


40  TOT 41 

I 

1 

1 

4 

1 


O. 


1.1  704. B  20TS.1  1  IB. 4 


1 

t 

I 

11 

I 


14 

0.  1477.1 
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TABLE  XIX 

COLLECTIVE  STICK  PEAKS  VERSUS  AIRSPEED 
ACCELERATION  BY  MISSION  SEGMENT 


COUKflVt  Mil) 

vs  acefiioiviov 

If 

MSS*  SfC* 

4SCEN1 

USS  -1*.C 

-11.0 

-*•0 

CrO 

•1.0 

1.0 

4.0 

v.o 

11. 0 

19.0 

TOT  41 

HIS 

•4C 

1 

1 

-1C 

1 

t 

-10 

1 

1 

to 

-IC 

1 

190 

14 

1 

110 

ic 

t  *  2 

14 

1 

t 

110 

ic 

4 

4 

10 

4C 

TCfAi 

4 

114 

10 

4 

1 

1*1 

COUICTIVI  AIMS 

VS  4CCCII44II0V 

•  V 

MSS.  SEC* 

44NUV4 

tcss  -1S.C 

■u.o 

-v.o 

4*0 

-  1*0 

>•0 

4*0 

V.o 

tl.O 

19.0 

TOTil 

uss 

14 

-40 

10 

4 

1 

-10 

1 

1 

11 

141 

49 

10 

1 

14* 

-10 

1 

to 

V* 

1 11 

144 

41 

4 

10 IV 

-to 

t 

1 

4) 

*11 

11 

1 

1 

40V 

to 

1 

10 

111 

to 

4 

m 

10 

* 

1 

4 

10 

4C 

f  Cl  41 

4 

10 

ttv 

141* 

14* 

It 

• 

1111 

COtKCTIVI  MM)  VS  ACCflfOATIO*  IV  MISS*  SIC*  OfSCNT 


USS  -!*.€  -11. 0 

-V.O 

-4.0 

-1.0 

l.C 

».« 

V.O 

tl.O 

19.0  10141 

USS 

-40 

1 

1 

4 

to 

-10 

4 

SI 

114 

149 

-10 

1 

11 

104 

1 

414 

-to 

1 

V* 

VO 

to 

14 

14 

10 

10 

4C 

T0141 

0 

*4 

141 

2 

0*1 

TABLE  XX 

COLLECTIVE  STICK  PEAKS  VERSUS  AIRSPEED 
BY  MISSION  SEGMENT 


couccnvi  maas  vs  viiocirv  »▼  missvom  jiwii  oscivr 

LIS)  40  40  to  M  «o  vs  too  to*  tio  tl*  no  11* 

us* 

•40  i 

-SO  l 

•1C  1  I  I  t  1 

•  ic  io»  it  n  2  i  *  *  i  i 

to  11*  tv  V  *  1  *  *  1  1 

10  4 

10 
40 

TCI  41  214  44  l»  1  •  10  V  4  4 


CULICCfIVI  MMS  VS  VtLOCIfV  0»  MISSION  SCGMfMf  O4VUV0 


LESS 

40 

40 

00 

1* 

VO 

V* 

ICO 

10* 

tto 

11* 

120 

11* 

USS 

-40 

1 

4 

tl 

1 

2 

1 

1 

-10 

12 

11 

111 

1* 

t* 

V 

9 

2 

2 

1 

1 

t 

•20 

t4 

Ilf 

*41 

III 

VI 

*0 

44 

11 

IT 

V 

to 

4 

9 

-IC 

1 

1C 

111 

1* 

4* 

41 

40 

41 

14 

IS 

V 

4 

1 

10 

1 

1 

40 

2* 

10 

It 

10 

14 

22 

12 

* 

1 

4 

20 

1 

t 

1 

1 

10 

40 
ICf  At 

14 

IOC 

vit 

22V 

111 

1*1 

110 

111 

74 

IV 

21 

14 

to 

t)0  11*  140  TCT41 

1 

t 

to 

tro 

t?o 


i*i 


tlO  tl*  140  VOTU 


14 

4  i«* 

1  t  toiv 

I  t  40V 

t  1*1 

4 

V  I  1111 
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TABLE  XX  -  contd. 


comet ive  nous  vs  veiocm  nt  ussiov  sfr.«e«T  ccsc^t 


itss 

40 

40 

40 

•  4 

40 

11 

100 

104 

110 

119 

120 

tiss 

•4C 

l 

1 

4 

1 

1 

-  10 

21 

M 

124 

14 

14 

4 

9 

4 

-JO 

44 

141 

119 

l  ? 

14 

11 

14 

10 

F 

2 

1 

•1C 

?l 

I 

4 

e 

1 

4 

4 

1 

1 

1 

1C 

12 

i 

1 

1 

70 

10 

40 

fCIU 

144 

241 

244 

19 

14 

21 

?! 

1? 

9 

4 

1 

1 

140  rnm 

10 
2  IS 
424 
M 
14 


•  91 


TABLE  XXI 

COLLECTIVE  STICK  PEAKS  VERSUS  ROTOR 
RPM  BY  MISSION  SEGMENT 


COUSCflVf 

FEIKS 

VS 

MW  BY  »ISStO* 

SCCMC4V  4< 

l«SS 

2IC 

220 

210  240 

290  70741 

tess 

-4C 

2 

2 

-10 

1 

1 

-20 

3 

4  1 

1C 

-10 

?! 

41 

l?C 

1C 

1 

44 

74 

I7C 

20 

1 

2 

1 

4 

10 

4C 

TCtti 

2 

179 

174  1 

19? 

COLlICtlVf  M»ftS  vs  IV  »|SStC4  SEG*f Nf  MNUVB 


LCSS 

210 

220 

210 

240 

290  70741 

IfSS 

-4C 

22 

4 

24 

-10 

21 

214 

4 

244 

-20 

201 

•  70 

• 

IC74 

-10 

211 

149 

1 

404 

1C 

144 

111 

29? 

20 

2 

4 

4 

10 

40 

TCI  41 

911 

1421 

11 

2222 

COlLfCFIVf 

FH*S 

VS 

less 

21C 

220 

uss 

-40 

1 

-10 

14 

-20 

44 

-1C 

44 

1C 

27 

20 

1C 

40 

7C741 

211 

•V  MSStOM  SCCNfNV  CISC4T 


210 

240 

240  70141 

• 

1 

10 

241 

1 

2B9 

124 

4 

424 

44 

1 

40 

4 

14 

411 

4 

091 
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TABLE  XXII 

GUST  nz  VERSUS  AIRSPEED  BY  MISSION 
SEGMENT  BY  ALTITUDE  BY  GROSS  WEIGHT 


Nf  OHM  MAKS  VS  Vtt.  IV  MISt*  SCO*  ASCTNT,  All*  2000*  MOT.  10000 

USS  *0  *0  §0  09  90  99  100  109  110  119  170  119  110  119  190  IOT41 

2.2 

2.C 


1 


USS 

TGI  At 


1 


HI  OUST  MAH*  VS  VK.  IT  MISS.  SCO*  ASCfMT,  ALT*  20*0.  MGT.  12000 

USS  90  00  90  09  90  99  100  109  110  119  120  129  110  119  190  TOTAL 

2*9 


I 


I 


LCSS 

TOTAL 


2 


HI  OUST  MAKS  VS  VlL  •  ov  MISS*  SCO*  MAMUVM  *  ALT.  20C0*  MOT*  29000 

USS  90  90  00  09  90  99  100  109  110  119  120  129  110  119  I9f  TOTAL 

2*9 


0*9 

0*9 

0*9 

0*2 

LCSS 

TOTAL 


1 


1 


X 


1 


1 


1 
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TABLE  XXII  -  contd 


oust  KM  VS  Vtl.  «v  "iss.  Sto.  mill**.  Ml.  1000.  V'.l.  IS0P0 

ii  «  *o  *0  *0  •■>  «o  »'  ioo  to'  no  ns 


ns  no  ns  no  niii 


m  oust  »e»«s  vs  vu.  «»  mss.  sec.  «»>iuv«.  hi.  iooo.  »ct. 


10  to  10  IS  *0 


no  ns  no  ns  no  ns  i*o  tom 


oust  tilts  VS  Vil.  (IV  HISS.  SEC.  KtNUVO.  Ht.  1000.  Ml.  11000 


no  ns  no  ns 


TABLE  XXII  -  contd. 


Hi  GL'»T  MARS  VS  VfL.  MtSS.  SIC.  AAAUVR ,  Ul.  5000,  HOT.  2*000 

l* sj  40  *0  to  is  ao  45  ioo  ioa  no  m  wo  12s  wo  195  t*o  total 


HI  MJST  REARS  VS  VfL.  BY  MISS.  S'G.  MANUVR  •  ALT.  5000,  ACT.  S0000 

LfSS  40  40  AO  •>  AO  <»5  100  105  110  115  WO  125  WO  115  140  TOTAL 


II 
TOTAL 


2.4 
2.2 
2.0 
i.a 

l.T 

1.4 

1.5 
1.4 
1.9 
1.2 
0.4 
0.7 
0.4 
0.5 
0.4 
0.2 

LESS 

TOTAL 


GUST  MARI  VS  VEL.  BV  MISS.  SIC.  HCSCftT,  ALT.  2000,  ACT.  90000 
LISS  40  40  10  15  AO  A5  100  105  110 


115 


WO 


125 


140  TOTAL 


HI  GUST  REARS  VS  VEL.  BY  MISS.  SIG.  OESCNT,  ALT.  2000,  ACT.  92000 


LISS 


AC  40  *5  AO 


100  105  no  115  120  125  WO  199  140  TOTAL 


2.2 

2.0 

1.4 

1.7 

1.4 

1.9 

1.4 

1.9 

1.2 

o.a 

0.7 

0.6 

0.5 

0.4 

0.2 

LISS 

TOTAL 
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TABLE  XXIII 

GUST  nz  VERSUS  (i  BY  MISSION  SEGMENT 
BY  ALTITUDE  BY  C 7/0 


Hi  GUSI  fMM  VS  *U  AV  « I SS  •  SFG.  ASCENT.  ALT.  20*0.  CF/S  0.19 

IE  »S  0.00  0.05  0.10  0.1)  0.20  0.29  %10  0.19  TOTAL 

2.4 

2.2 

2.0 


1 


1 


1 


LESS 

TOTAL  111  A 


Si  GUST  PEAKS  VS  PU  AV  HISS.  SfG.  NANUVA ,  ALT.  2000.  CT/S  0.12 

LESS  0.00  0.0S  0.10  O.IS  0.20  0.2S  0.10  0.19  TOTAL 

2.4 
2.2 
2.0 
1.0 
l.T 
I.  A 
1.9 

1.4 

I.) 

1.2  2  11  A 

O.t 
O.T 
O.A 
0.5 
0.4 
0.2 
LESS 

TOTAL  2  11  A 


NZ  OUST  MAKS  VS  HU  AV  HISS. 
LESS  0.00  0.09  0.10 

2.4 
2.2 
2.0 
l.A 
l.T 

1.4 
1.9 
1.4 
1.1 
1.2 
O.A 
O.T 
O.A 
0.9 
0.4 
0.2 

LESS 

TOTAL 


SEO.  H ANUVH «  ALT.  2000*  CT/S  0.19 
0.19  0.20  0.29  0.10  0.99  TOTAL 


I 

9 

1 


1 

1  1 
1 


A 

A 

A 


A  T 


IT 


Nl  GUST  PEAKS  VS  HU  AV  HISS. 
LESS  0.00  0.09  0.10 

2.4 
2.2 
2.0 
l.A 
1.7 
l.A 

1.5 
1.4 

1.1 

1.2 
O.A 
O.T 
O.A 
0.9 
0.4 

LESS 

TOTAL 


SEC.  HANUVA. 
0.19  0.20 


1 


) 


1 


1 


4 


alt.  9000*  CT/S  0.19 
0.29  C.10  0.19  TOTAL 
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TABLE  XXIII  -  contd 


TABLE  XXIV 

GUST  nz  VERSUS  m  BY  MISSION  SEGMENT 
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TABLE  XXIV  -  contd 
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TABLE  XXVI 
GUST  nz  VERSUS  u 


HI  CUSI  ¥S  "U  COMPUSITC 

ICSS  0.00  0.0*>  0.10  C.  1  *>  G.2C  0.75  C.)0  0.H  TOTAL 


TABLE  XXVII 

GUST  nz  VERSUS  AIRSPEED 
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TABLE  XXVin 

MANEUVER  n2  VERSUS  AIRSPEED  BY  MISSION 
SEGMENT  BY  ALTITUDE  BY  GROSS  WEIGHT 


HI  "ANfuvMS  VS  VEL.  BV  MISS.  S€G.  A  SC  ENT »  ALT.  LESS,  »CT.  JOOOO 


2.4 

2.7 
2.0 
1.0 

1.7 
1.6 
i.) 

1.4 
1.  3 
1.2 
O.ft 
0.  7 
0.6 
0.5 

0.4 

0.2 

less 

TOTAL 


100 


105 


120 


125 


1)0 


1)5 


140  TOTAL 


hi  -ANELVERS  VS  Vfl .  AV  Miss.  SfG.  A  SCENT  •  ALT.  LESS.  KT.  12000 


2.4 
2.2 
2.L 

1.  a 
1-7 
1.6 

1.5 
1.4 
1.) 
1.2 
o.a 

0.7 

0.6 

0.5 

0.4 

0.2 

LESS 

TOTAL 


115 


125 


no 


1)5 


140  TOTAL 


'il  MANE  UVEAS  VS  VEL.  BV  A|SS.  SEC.  ASCENT,  AL(.  lCOO,  MOT.  24000 


LESS 


40 


2.4 
2.2 
2.0 
i.a 
1.7 
l.fc 

1.5 

1.4 
1.  3 
1.2 
O.B 
0.7 
0.6 
0.5 
0.4 
0.. 
uss 
total 


40 


90 


09 


40 


95 


100 


105 


110 


115 


120 


129 


1)0 


1)5 


140  TOTAL 


HI  MANtUVEHS  VS  VEL.  0V  MISS.  STG.  ASCENT,  ALT.  10C0,  MOT.  21000 

USS  40  4C  00  B5  90  95  100  104  HO  119 

2.4 
2.2 
2.0 
l.B 
1.7 
1.6 

1.5 
l.o 
1.3 

1.2  1 

0.  6 
0.  7 
0.6 
0.  5 
O.o 
0.2 
i  ESS 

TCTU  1 


120 


129  1)0  1)5  140  TOTAL 


1 


l 
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TABLE  XXVIII  -  contd. 


Hi  MHtlvfftt  ¥S  VH.  Mist.  t(C«  fttCfNT.  Ilf*  lO^Oi  **f«  K)O®0 

lf«  *o  to  to  is  vo  vs  1«0  10s  II#  no  »*o  ns  iso  ns  100  iom 


hi  vs  vci.  tv  mss.  see.  tseem.  tn.  1000.  «si.  >2000 

i  ESS  *0  to  10  IS  VO  VS  too  IOS 


110  Its  100  its 


ns  ito  tom 


VI  vtNCtvCVS  VS  VCI.  vv  KISS.  SEC.  ISCCNI.  til.  2000.  Ml.  It 000 


too  los  no  us  ito  i*s 


us  ito  lOltl 


MMfuVCVS  VS  VCI.  VV  VMS.  SCO.  IKCNI.  til.  2000.  Ml.  >0*00 

if ss  vo  to  to  os  vo  vs  too  its  no  us  120  its  iso  ns  ito  iom 
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TABLE  XXVIII  -  contd 


si  hasiivias  vs  vii.  nr  kiss.  see.  ascist.  ill,  1000,  mu.  s;ooo 


«o  »s  ioo  10s  no  in  no  ns  no  ns  1*0  tom 


SI  HASttViAS  VS  Vit.  RV  H|SS,  SCG.  VSCCSI.  III.  SOOOi  SGI.  SOOOO 


vs  ioo  ioo  no  iis  no  ns  no  its  1*0  tom 


SI  HASClviMS  VS  V(l.  RV  HISS.  SCG.  ASCIHt,  Alt.  SO'O.  set.  11000 


•s  vo  vs  ioo  tos  no  ns  no  ns  in  is*  ivo  mm 


HASIIVCAS  VS  till  RV  HISS.  SCO.  HAHUVR,  Alt.  USS,  SGI.  J6000 


no  nv  iso  i»s  i»o  totvi 
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TABLE  XXVIII  -  contd. 


HI  »AHClV(«l  VS  VIV.  *V  HISS.  SIC.  AAMUVA,  ALT.  LfSS,  VGT.  1*000 

USS  40  *0  to  04  VO  V*  100  10«  no 


4 

IS 


10 


10 


I 

u 


IS 


I 

19 


19 


I 

IV 


19 


2 

II 


119 


120 


119 


190 


1)9 


140  wtal 


1 

4 

It 

02 

2 
I 


HI  MHtUVIlt  VS  Vila  M  4199.  SCO*  MHUW,  Ilf.  USS.  VCT.  IQOOO 


2.4 
2*2 
2.0 
1.0 
I.T 

1.4 
1.9 
1*4 
1.9 
1*2 
0*0 
O.T 
0*4 
0*9 
0*4 
0*2 

LOSS 

tovu 


uss 


12 

2 


14 


40  49  1  00  (0*  110  119  1  20  1  29  1  90  1  99  |40  TOTAL 


IT 

9 


MI  ftAMfUVfftS  VS  VIL*  4V  WHS*  SCO*  NAMUV4*  ALT*  1000*  VCT*  24000 


LESS 


2*4 

2*2 

2.0 

1*0 

l.T 

1*4 

1*9 

1*4 

1*9 

1*2 

0*9 

O.T 

0.4 

0.9 

0.4 

0.2 

LfSS 

total 


40  00  09  40  44  100  109  ilO 


119  120  129  190  1)9  140  TOTAL 


Hi  VANEUVf A S  VS  VIL.  OV  MISS.  SCO.  4AMUV4 «  ALT.  1000,  MOT.  20000 


LESS 


100 


2.4 
2.2 
2.0 
1.0 
l.T 

1.4 
1.9 

1.4 

1.9 

1.2 

0.0 

O.T 

0.4 

0.9 

0.4 

0.2 

USS 

TOTAL 


109 


110 


119 


120 


129 


190 


199 


140  TOTAL 


2 

14 

*4 


9T 
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TABLE  XXVIII  -  contd. 


N/  NANIUVF8S  VS  V£L.  8Y  MISS,  Sf It.  M4NMV4.  4lf,  10C0#  MGT.  30000 


l  ss 


40 


7.4 
2.2 
2.0 
l.fl 
1.7 
1.6 

1.4 

1.4 

1.) 

1.2 

o.e 

0.7 

0.7 

o.9 

0.4 
0.2 
if  SS 
IDT  Al 


80 


->0 


IPO 


ICS 


no 


140  70  7  41 


1 

20 

44 

19 

2 


m  M*NtLVF>S  VS  Vft.  8V  MISS.  SFG.  M4NUVB. 


2.4 
2.2 
2.C 
1.8 
1.7 

1.4 
1.9 

1.4 
1.) 
1.2 
0.8 
0.7 
0.6 
0.9 
0.4 
0.2 
ICSS 
707  41 


417.  10C0.  MG  7.  92000 

44  100  tos  110 


124 


110 


140  70741 


N  l  WANflVERS  VS  VH.  BY  MISS.  SEC.  M4N11V4  *  417.  20C0*  MGT.  26000 


BO 


84 


2.4 

2.2 

2.0 

1.8 

1.7 

1.6 


1.9 

1 

2 

1 

1.4 

l 

1 

1 

3 

1.  > 

1 

1C 

1 

2 

1.2 

9 

31 

17 

8 

9 

O.H 

0.7 

1 

12 

9 

A 

3 

0.6 

1 

2 

0.4 

1 

0.4 

0.2 

itss 

7TTAL 

1 

11 

98 

23 

18 

14 

N  l 

M4NIL Vf *5 

VS 

VEL.  BY 

MISS. 

SFG. 

M4NUV8 

LESS 

40 

60 

80 

89 

90 

2.4 

2.2 

2.0 

1.8 

1.7 

1 

1.6 

1 

l 

1.4 

2 

1 

1 

1.4 

2 

8 

9 

9 

3 

l.l 

1 

41 

8 

21 

18 

1.2 

3 

31 

207 

67 

71 

A9 

O.C 

0.7 

3 

12 

AB 

19 

17 

17 

3.6 

3 

14 

3 

1 

1 

0.9 

1 

1 

0,4 

3.2 

1 7  SS 

707  At 

7 

48 

138 

100 

118 

1C4 

110 


1 

1 

t 

6 

13 

46 


100 


4 

14 

14 


13 

28 


3 

It 

23 


119 


I) 

17 


120 


129 


130 


4 

7 

13 

11 


140  TOTAL 


4 

12 

23 

•9 

29 

9 

1 


124 


190 


161 


1 

2 

9 

II 

99 

179 

All 

198 

29 

4 


109B 
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TABLE  XXVIII  -  contd 


n t  •’ANtuvim  vs  m.  *iss.  sir..  ait.  2eco.  oof.  sooco 


74  47*.  164  141  172  11?  112 


N7  MMuKt«S  VS  VEI.  OT  MISS.  SI  0.  •MUtiVh.  «if.  2  300 ,  tK.  1 .  9?000 


1 

1  1 

4  7  14  11 


7  7  7  4  4  4  1 


Mi  "INKVEIS  VS  Vli.  OV  MISS.  SEC.  «4MUV«.  All.  40CO.  WGT.  26000 


iiSS  40  40 


100  104  110  114  120  124  1)0  1  14  140  71)141 


Mi  M4MEtVE«S  VS  VEI.  MV  MISS.  SEC.  M4MUV4  •  4Ll.  43C0.  ho  7.  211)00 


100  10*>  HQ  114  120  124  1)0  1)4  1*0  7J741 


I 

2  2 
11  12 
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TABLE  XXVIII 


contd 


2.4 
2.2 
2.C 

1  .  *■ 

l.r 

I 

l.s 

1.4 
1.3 
1.2 
0.  H 

0.7 
0.  * 
0.S 

O. 4 

P. 2 
U  S‘. 

101  Al 


"AMtvM'S  VS  Vil.  tiv  HIS'..  SIT..  NH'mM,  All.  5000,  M.|.  10003 
M  SS  AO  A«  AO  A  A  go  '#A  ICO  |0'-  110 


? 

10 


2 

10 


140  101 Al 


0 

If 

no 


N/  AANM.VFMS  VS  Vtl  .  HV  A|SS.  SfC.  »ANIIVA,  All.  SOCO.  MG  I.  §.'000 


2.4 
2.2 
2.C 
I." 
l.r 

1.4 
1.? 
1.4 
1.3 
1.2 
0.  A 
0.7 
0.4 
0.9 
0.4 
0.2 

uss 

ICTAl 


40  AO  AS  QO 


100  ic-  110  IIS  120  I2A  I §0  IIS  140  T31AI 


4/  PAHt  t  VIA  S  VS  Vlt.  AV  MISS.  SCO.  OtSCMf.  All.  USS.  MGf  •  100C0 


2.4 
2.2 
2.0 
l.H 
1.7 

1.4 

M 

1.4 
l.§ 
1.2 
0.» 
0.7 
0.4 
O.S 
0.4 
0.2 
USS 
f  Of  Al 


*/  MANflVFAS  VS  VIL.  AV  MISS.  SFG.  OtSCNf.  AH.  1000.  MGf.  24000 


2.4 
2.2 
2.0 
1  •  A 

1.7 

1.4 

1.5 
1.4 
I.) 
1.2 
0.« 
0.7 
0.4 
O.S 
0.4 
0.2 

USS 
101  At 


ioo  los  no  us  120  12S  no  ns  iso  torn 
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TABLE  XXVIII  -  contd 


MANfl.VMS  VS  VH.  8V  ><l^*  SFG  •  DfSCNT,  AH.  »0PO,  Nf.f.  ?"000 
iH*  %0  *0  80  88  *0  *»'  100  1C**  110 


118 


WO 


12* 


MO 


ns  mo  rnui 


2.8 
2.2 
2.0 
1.8 
I.  T 
1.6 
1.8 
1.6 
1.3 
1.2 
0.8 
O.T 
9.6 
0.8 
0.6 
0.2 
tcss 
10161 


1 


Ht  MAMlUVfAS  VS  VEl •  MV  MISS.  SfG.  niSCNT.  AIT.  1000,  VGT.  30000 

USS  60  60  80  88  60  68  100  108  110 


118 


128 


MO  138 


160  tOMt 


2  1 


1 


1 


6 

1 


Hi  MAftfUVfNS  VS  Vfl.  MV  MISS.  SFG.  OfSCMT,  All.  1000,  *GT.  32000 


MSS 


2.6 

2.2 

2.0 

1.8 

1.1 

1.4 

1.8 

1.6 

1.3 

1.2 

0.8 

O.T 

0.6 

0.6 

0.6 

0.2 

MSS 

TCTAl 


80 


•  8 


60 


48 


100 


108 


110 


118 


120 


128 


13S 


160  TO  f  41 


N2  MANflVfMS  VS  Vtl.  MV  MISS.  SfG.  OISCNT,  All.  2000,  WOT.  26000 


MSS 


60  40 


2.6 

2.2 

2.C 

1.8 

1.7 

1.6 

1.8 
1.6 
1.3 
1.2 
0.8 
0.7 
0.4 
0.8 
0.6 
0.2 

LFSS 

TOfU 


80  IS  90  98  100  108  HO  118  WO  128  MO  138  160  T0T41 


1  » 

1  1 


18 
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TABLE  XXVIII  -  contd. 


2.4 
2.  ? 
2.  i 
l.»* 

1.7 

l.t 

1.5 

1.4 

1.1 
l.< 
0.8 
0.7 
C.h 
0.5 
0.  * 
0.2 

u  ss 

ILFAI 


"A'ULVfUS  O'*  VH.  8*  *|S5,  Sfr,,  TFSrsT»  AIT.  20CO,  *»r>  T  •  283CC 
If  SS  40  6f  **0  81  no  *»«  100  10*  WO 


sz  bankvfbs  vs  vfi.  nv  miss.  seg.  oescnt,  ah.  2oro.  out.  ioooo 


2.4 

2.2 
2.0 
1.8 

1.7 

1.6 

1.5 
l.* 
1.3 

1.2 
0.8 
0.7 
0.6 
0.5 
0  .  A 
0.2 

LESS 

rnr  n 


loo 


140  rnrAi 


1 

2 

2* 


HI  MANCLvEBS  VS  Vfl.  HT  »ISS.  SfO.  PfSCNT,  AIT.  20^0,  MOT.  37000 


2. A 
2.2 
2.0 
1.8 
1.7 
1.6 
1.5 
1.4 
1.3 
1.2 
0.8 
0.  7 
0.6 
0,5 
0.4 
0.2 
LESS 
TCTAt 


40  6  C  80 


«»5 


IOC 


10S 


115 


135 


140  TOTAL 


1  1 

2  2 


M  HANHjVFBS  VS  VEl.  8t  MISS.  SfG.  OfSCNT,  ALT,  SOCO,  MOT.  000 


WSS 


2.4 

2.2 
2  •  C 
1.8 

1.7 

1.6 

1.5 

1.4 

1.3 

1.2 

0.8 

0.7 

0.6 

0.5 

0.4 

0.2 
Lf  SS 
TUWL 


*0  6c  80  85  no  **5  100  103  WO  115  120  125  1  30  115  140  TOTAL 
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TABLE  XXVIII  -  contd. 


KAViyu*,  y.  y  f  |  »|SS.  Vi..  All.  *»OCOi  w»  I .  ?“000 

t  •  ,  #.<  -o  «s  <>o  ’*•<  100  io'*  no  in 


1.1 

1. 1 

1 

1 .  ‘ 
1.*. 
I .  ' 
1 . 

.-I . 

r.  •’ 

0.  ■- 

0.6 
0.. 
i  i  ss 

Tl  T  A 4 


J  .  6 

2.2 

.  t 

l  •  * 

l  .  *. 
4  .  ) 

0.  • 
o ,  ? 
0.* 

C.6 

o.4- 
I  I  ss 
TC.I.%1 


1  1  l 

"VitUMfS  VS  VH.  H*  K|S',.  S» 0,  ntS(*T.  All.  SO^C.  »(•!•  10000 


<1  SS 


6u 


60 


•  0 


A  A 


'JO 


1' 


100 


10*. 


no 


no  TOTAL 


l 


1 


*A»i iiyffS  ys  VM.  -IV  AMSS.  VO.  MlApy,  All.  IMS#  W.T.  10000 

IISS  *0  6  BO  AS  90  *»A  ICO  10'  110  US 


:  .i 

i .  * 
1  .  7 
I  .( 

1.6 

1  .  3 

i . : 

0.  1 

O.f. 

0.  •> 

0.6 

o  .  «* 
if.'. 
t  Ml 


? 

on 


1 

1.6 


0.6  0,1  1.6  0.9  1.6  1.0  0. 

6A*44iy»AV  ys  vn#  bt  *tss.  srr,.  % t f  aoy •  ah.  loro,  VG  T  .  10000 


l  I 


60 


60 


"0 


A  1 


90 


IS 


100 


10“> 


no  in 


2 

p.r 
l.*‘ 
1. 1 
Imt 

m 

1.6 

i .  ’ 

0. 

0.  7 

O.f 

3.* 

C.. 

i  •  . 
Il'fM 

T  1  •* 


I 

6.1 


7.9 


1 

1.7 


1 


121  110  111  160  TOTAl 


1 

7.0 


1 

17.1 


120  i2i  no  ns 


6 

60.6 
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TABLE  XXVIII  -  contd. 


“V*.  ivli*S  VS  vFi.  nr  hiss.  \rr..  Mf»nv.  M  i,  ?nro,  MOT.  7*000 
i .  s  6'  **n  *5  go  *is  i  co  10*  no 


2  .6 
7  ■  / 
7.o 
t .  ► 
l.  r 
l  • • 
1 .  ‘ 
1.6 
1.  ) 
I  •  / 
O.h 
0,  7 
0.6 
0.5 
0.6 
o.; 
If  ss 

101  61 

FIN, 


7.6 

l.H 

i .  ? 
i.fc 
I.  s 

1.6 

1.1 

1.2 
O.H 
0.  7 
0.# 
0.5 
0.6 
0./ 

icss 
ii  m 

F  I 


2. 6 

?.o 

1  .  H 
1.7 
1.6 
1  •  '» 
1.6 
1.  1 
1  .7 

O.H 
0.  7 
0.6 
o.'. 
0. 6 
c>.  ; 
i  f  s  s 
in n 


7.6 

7.7 

7.1 
1.  •* 

1.7 

1.1 
1.  s 
1.6 
1.1 
i.; 
0.6 
0.7 
C.f 

0.  s 
0.6 

o.; 

i  r  s', 
T<  T  6 1 


1.6 


0. 


1 

).  0.6  7.1  6.9  p.2  10.0  M. g  6.7 

HANHVf«S  VS  VH.  Ml  HISS.  SFO.  SflAOV.  All.  70^0.  Ml.  I  •  7“000 
|»SS  60  6C  *0  AS  «>0  g*.  100  lO1'  110 


I  6.  6 


2  0.6 


I 

:6.« 


6?. 6 


2 

41.1 


1 

)5.l  71.7 


6.3  O.H  10. 0 

MANM.vrhS  VS  ¥»l.  HV  HISS,  Sir..  STIAPV.  All.  7OC0.  mG » .  V)O00 
MSS  60  f)  HO  *'•  90  VS  100  10S  110 


.1  1)1  7  s  6 

57.0  ).)  03.J  61.*  go.)  106.*  159.6  775.7  1  #9.  ?  70.0 

’  HANHVfBS  VS  Vll.  Hr  HISS.  SIG.  SlfADT,  All.  70^0  f  k(,|.  j;QOO 


MSS 


60 


61 


HO 


05 


go 


100 


106 


F  |H 


61. S  76,0 


)  ).  7 


l 

70.6 


1 

1  7.0 


1 

01.1 


1)5 


10 

0.  776.7 


160  nm 


n 

i 


75 

1069.5 


1  10 


5 

169.0 
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TABLE  XXVIII  -  contd 


**/  vs  vh.  *v  *iss« 

LESS  40  40  40 

2.4 

2.; 

2.0 

1  * 

I.  ' 

1.4 

1.5 

1.4 

1.1 

1.2 

0.8 

3.7 

0.4 

0.5 

0.4 

0.2 

LESS 


TIN  0.  0.  1.4  1.4 


sr&.  stiaoy.  4i  f.  5000.  *,?.  ?sooo 

85  40  95  100  \0*»  110 


l 

1.1  )« ?  7.5  7.1  15.5  11.5 


114 


0.4 


120 


0. 


1  i  4  MO  144 


0.  0.  0. 


140  TOTH 


1 


I 

51. T 


HI  NANEkVi'S  VJ  V EL  •  BT  MISS.  SfG.  STEADY.  At  T.  5000.  MOT.  28000 


IE  SS 


2.4 
2.2 
2.0 
1.8 
1.7 

1.4 
1.4 
1.4 

I.) 

1.2 

0.8 

0.7 

0.4 

0.4 

0.4 

0.2 

LESS 

TOTAL 
T  INF 


40 


40 


•  0 


•  5 


90 


95 


100 


105 


115 


120 


125 


115 


140  TOTAL 


2.5 


11.1  22.0 


10.4  12.0 


12.0 


1 

150.T 


HI  NANELVEAS  VS  VEL.  8 Y  MISS.  SEG.  STEAOV.  ALT.  50C0,  VGT.  10000 


2.4 
2.2 
2.0 

1.4 
1.7 
l.o 

1.5 
1.* 
1.1 
1.2 
0.4 
0.7 
0.6 
0.  5 
0.4 
0.2 

LESS 

TfltAl 

T|N‘ 


110 


124 


110 


115 


1  14  l  t 

74.1  59.7  91.9  1 22.2  132.1  1  44.0  11  7.  7  >4.1  J.8 


0.6 


I 

781.8 
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TABLE  XXVIII  -  contd 


NT  PAMLVfAS  Vi  VEL.  8V  « I  VS  -  $10.  i  TE  ADV  •  HI.  5000,  Mil.  32000 

LESS  *0  60  -10  85  50  55  100  105  110  1  15  170  125  130  1 15  150  TOTAL 


15.5  11.7 


25.5  27.4  10.3 


TABLE  XXIX 

MANEUVER  nz  VERSUS  u  BY  MISSION  SEGMENT 
BY  ALTITUDE  BY  Cj/a 


Ht  PANtUVI'S  Vi  BV  HISS.  SIC.  ASCENT.  ALT.  LESS,  CT/S  0.15 

LESS  0.00  0.05  0.10  0.15  0.70  0.75  -.  30  0.15  TOTAL 


HI  MANELVfAS  vs  NU  «V  MISS.  SfC.  ASCENT.  ALT.  1000.  CT/S  0.12 


0.15  0.20 


O.J5  TOTAL 
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TABLE  XXIX  -  contd 


Ht  *ANt  V. 

PU  *»V  Ptss. 

s*r.. 

ft  SC  r  N  7  , 

ftl  1. 

10P0.  Cl/S  0.15 

1  1  SS  1.00 

0.0*  0.10 

0.14 

0.70 

0.74 

0.40  0.34  iniftl 

7.4 
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